SUMMARY Immunological studies were performed in 18 children with minimal change nephrotic syndrome proved by biopsy examination during relapse and in 15 age matched controls. All 18 children showed dysfunction of cell mediated immunity as evidenced by low absolute lymphocyte count, low blastogenesis index in response to phytohaemagglutinin stimulation, and reduced skin sensitivity to dinitrochlorobenzene when compared with controls. All 18 patients had low serum IgG concentrations, while the IgA, IgM, and C3 concentrations in the serum were within normal limits.
A variety of immunological alterations have been described in minimal change nephrotic syndrome. [1] [2] [3] Conventional treatment with steroids and immunosuppressants, although inducing a remission of the nephrotic state, increases the risk of severe life threatening infections in these children by further depressing the cell mediated immunity.
This study was undertaken to evaluate the immunological state of children with minimal change nephrotic syndrome in relapse who were not being given any immunosuppressive treatment and to assess the role of levamisole, an immunoregulatory drug, in the management of this disease in those who showed evidence of dysfunction in cell mediated immunity.
Patients and methods
Eighteen patients with nephrotic syndrome and 15 controls, all aged between 1 and 12 years, were studied.
All 18 patients had anasarca with proteinuria >40 mg/m2/24 hours, hypoalbuminaemia -2-5 g/dl and hypercholesterolaemia B200 mg/dl. Histology of the renal biopsy specimen obtained percutaneously showed a minimal lesion in all 18 cases on light microscopy; the immunofluorescence was negative in all except one, which had faint deposits of IgM in mesangium.
The patients were further classified according to whether they had (a) single attacks, (b) infrequent relapses (<three a year), (c) frequent relapses (> two in six months or > three a year). None of them were receiving any immunosuppressants at the time of the study. Only two had earlier received cyclophosphamide, and that was more than two years before the present study. Immunological studies were undertaken on all these patients.
Tests for cell mediated immunity. These were (1) absolute T lymphocyte count by sheep red blood cell rosette formation; (2) blastogenesis by phytohaemagglutinin stimulation; and (3) skin testing for delayed hypersensitivity to neoantigen dinitrochlorobenzene.
Tests for humoral immunity. These were (1) absolute B lymphocyte count by rosette formation; and (2) estimation of immunoglobulins IgG, IgM, and tions. Serum proteins and cholesterol were assessed IgA in serum by electroimmunoassay (Rocket tech-at the end of treatment. Immunological studies were nique).
repeated when possible at the end of treatment.
Response was termed as complete remission when Complement system. Estimation of C3 component in the urine was free of albumin in three consecutive serum was by single radial immunodiffusion. samples. Partial remission was when there was a reduction in proteinuria to + or + + and the patient Treatment with levamisole. Fourteen patients were was free of oedema. No response was when there given levamisole (2.5 mg/kg body weight) as a single was no reduction in proteinuria. The patients were dose at bed time either daily or on alternate days for followed up for six months to two and a half years to a period of 20-24 weeks. During this period they assess their nephrotic state. were observed clinically with special reference to weight, blood pressure, oedema, and the number Results and severity of infections. Laboratory monitoring was performed weekly by blood count and complete There were 18 patients in relapse aged 1-12 years urinalysis and monthly for blood urea, serum and 15 age matched controls. Tables 1 and 2 show creatinine, and 24 hours urinary albumin concentra-the results of their immunological studies, respec- The absolute T lymphocyte count in patients with nephrotic syndrome had a mean (SD) value of 1387 (527). The mean (SD) value for the control group was 3265 (1808) (p<0.001) (Figure 1 ). The blastogenesis index to phytohaemagglutinin stimulation at 72 hours was 2-87 (1-17, SEM 0.284) in the patients while the mean (SD) value for the control group was 6-2 (2-01, SEM 0.539) (p<0-001) (Figure 2 Results of treatment with levamisole. Fourteen patients with nephrotic syndrome were treated with levamisole. Their ages ranged from 1 to 12 years. Two were aged under 2, six between 2-5, and six over 5. There were eight boys and six girls. Six patients were seen in the first attack and had never received steroids, while out of the remaining eight cases responsive to steroids five infrequently relapsed and three frequently relapsed. One of those who frequently relapsed was also steroid dependent. Of these 14 patients, six had complete remission, six had partial remission, and two did not respond to levamisole. The time taken to achieve remission varied from between four and 20 weeks of treat- 
Discussion
Infections account for more than half the deaths due to minimal change nephrotic syndrome.4 They are also responsible for the considerable morbidity seen in this disease. This increased vulnerability to infection can be accounted for by the depression in the immunological system as seen by the low cell count, depressed blastogenesis, poor skin reactivity to dinitrochlorobenzene, and low serum IgG concentrations.
Decreased response of lymphocytes to mitogens has been described in active nephrotic syndrome by several authors,5-7 as has the poor skin reactivity to dinitrochlorobenzene.5 8 Most authors, however, have reported the T cell to be numerically normal,5 7 except in one other study by Tanphaichitr et al where the T cell counts were found to be low.9 Low T cell counts were uniformly present in all our patients, only two of whom had received previous treatment with Endoxan, which is known to have a prolonged depressive effect on T cells. '1) Low serum IgG concentrations in relapse has been well documented and cannot be explained on urinary losses alone." 12 It has not been established whether the depression in cell mediated immunity is a primary event or secondary to the hypoalbuminaemia, hyperlipidaemia, or zinc deficiency that coexists in these patients, as all these factors are known to depress cell mediated immunity.13-15 It has been postulated that an abnormal immunogenic response to some unknown stimuli may be a primary event in patients with nephrotic syndrome, leading to suppression of T cell functions. This may lead to depressed cell mediated immunity as well as impairment of T cell dependent B cell activation accounting for the low concentrations of IgG in these patients. This same deviated immune response may be responsible for the production of an abnormal lymphokine with properties of increasing vascular permeability. 
